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FREE-FLIGHT TESl3 AT WCH NUMBERS 

W Shemod Hoffman and W i l l i a m  B . Pepger, Jr . 

The effect on zero-lift  drag of varying the  size and m e r  of sym- 
metrically mounted nacelles on a 45' smptback wing and body combination 
has been determined through free-fllght t e s t s  of rocket-propelled models 
oYer a range of Mach numbers from 0.8 to 1-3 and ReynoLds numbers from 
4 x 106 to  7 X lo6 based 011 the wing mean aerodynamic chord. The con- 

r figurations  tested had the fo l l a r lng  nacelle arrangements on each wing 
panel: a twin-engine nacelle  near  the  fusehge; a conbination of single- 
engine nacelles, one located at the wing  t i p  and one mar the  fuselage; 

" a large  nacelle at  the wing tfp; and a large nacelle near the Fuse-. 

The drag r ises  of the models were found t o  be in  general agreement 
with the  concepts of the  transonic  drag-rise rule. For an a i rc raf t  
similar t o  the bssic  configuration used h e r e h  and requiring  the thrust 
equivalency of four (present-day) turbojet englnes, use of single-engine 
nacelles combined a t  the Inboard and wing-tip positione on-the wlng 
panel o r  of large engine nacelles at the wing tips would be most dee l r -  
able from cansideration of the drag. Increasing the size of the single- 
engine nacelle t o  that of the Large nacelle o r  twin-engine nacelle 
resulted in  a n  increase in nacelle-plus-interfemce drag coefficient, 
especially near Mach  number 1.0. The drag-rise Mach  number of the basic 
configuration was reduced f r o m  0.96 t o  about 0.90 by adding the large 
o r  single-engine  nacelles t o  the wing and t o   a b u t  0.88 by mounting 
the --engine nacelle near the fuselage. 
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As part of a general  transonfc  research  program of the  National 
Advisory  Committee for Aeronautics  to  investigate the aerodynamic  char- 
acteristics  of  promising  aircraft  configurations,  the Langley  Pilotless 
Aircraft  Research  Division (at ita  testing  station  at  Wallops Island, 
Va.) has teated a series of rocket-propelled  free-flight  models to 
determine  the  effect of nacelle  location on the  zero-lift drag of a 
high-aspect-ratio, 45' sweptback wing and body  combination. In previous 
papers  (refs. 1 to 51, a twin-engine  aircraft  with  single  turbojet 
engine  nacelles  (about 50 inches In diameter, f u l l  scale) was assumed 
in order  to  study  individual  nacelle  interference on each'wing  panel. 
Eowever,  such an aircraft  would  require  about  twice  the  thrust  avail- 
able  from  the  two  enginea  to  attain Low supersonic  speeds. In an 
attempt  to provide drag increments for engine  inatglJations  meet- 
the  thrust  requirements  of a supersonic  aircraft,  testa  were made of 
the  wing-body  configuration  used  previously  with a large  single  nacelle 
which  could accomodate  a large  engine having about  twice  the  thrust 
available  from  present-day  types of turbojet engines and with  two single 
turbojet  engine  nacelles  located at the wing tip and wing root.  The 
nacelle  positions  at  the wing tip and root  were  selected  because of the 
favorable  interference  effects  indicated by tests of the  single-engine 
nacelles in reference 2. 

The  nacelles  were  made  solid  by  fairing  the  nose  inlet  to a point 
on the premise  that the nacelle-plus-interference drag would  be  about 
the same for  the  solld and ducted  nacelles at corresponding Mach numbers. 
This  premise was based on previous  tests  reported in reference 6 of the 
solid and. ducted  nacelles  at  the wing tips. The teete  showed  that making 
the  nacelle  solid in the manner  prescribed had a negligible  effect on 
the nacelle-plua-interference drag throughout  the  test  Mach  number  range. 

Flight  tests  covered a continuous  range  of  Mach  numbers  varying 
between 0.8 and 1.30 correspondbg to Reynolds  numbers of about 4 X Lo6 
to  about 7 X lo6 based On the Em aerodynamic Chord Of the wing. 

. 

The  wing-body-fin  combination  (fig. 1) used  for this investigation 
WRS the  same  as  that  used Fn references 1 to 6 .  Coordinates of the 
fuselage, a f r f o i l  section, and nacelles  are  given  in  tables I to IV. 
Nacelle  dimensions  are given in  figure 2 and  details of the  nacelle 
locations and the axial distribution of crose-sectional areas of  the 
models are shown in figure 3, where L is  the  distance  from  the body 
nose snd A is cross-sectional area. The photograph6 of the models 
are  presented in figure 4. 



The wing had a sweepback  angle  of 45’ along the quarter-chord line, 
an aspect  ratio  of 6.0 (based on total Xing plan-form  area), a taper 
ratio of 0.6, and an EACA 65~009 airfoil  section In the  free-stream 
direction. The leadAng edge of the wing intersected  the  fuselage con- 
tour at  the “ d h n e t e r  stat ion.  The fuselage fineness ratio WEB 
10 .O and the  ratio of total wing plan-form  area  to  fiselage f ron ta l  

r 

. area was 16.0. 

The  single-engine  nacelle (fig. 2 (a) ) vas a solid body of revolu- 
tion having a mse plug, an NACA 1-50-250 nose-inlet  profile, a cy-- 
drical  midsecttan, and an afterbcdy  wlth  the proportions of form I l l  
(ref. 1). The finene6s ratio  of this single-engine soUd nacelle wa.8 
9.66. The  twin-engine  nacelle shown in figure 2(b) WEE formed by  placing 
two  single-engine  nacellee  tangent to each other d a n g  the cyundrical 
portion and fafring between  them  w3th straight lFne elements.  The  large 
nacelle, which had a fineness ratio of 8.56 (fig. 2(c)), was formed by 
scaling up the  coordinates of the inlet and afterbody of the single- 
engine  nacelle by a factor of 1.5 and .leaving the cylindrical section 
the same length 8s was used  for  the Shgle-engine nacelle. 

For convenience,  information on the models presented in t h i s  paper 
i6 tabulated  below  to  indicate  the  nacelles used and the  nacelle  posi- 
tions.  The semispan locations  are  measured  between  the  fuselage and 
nacelle  center lfnes - in percent of the semispan. The  chordwise  loca- 
tions  are measured along the  nacelle  center line between  the  nacelle 
nose and. wing thickness (0.4~) Fn percent of the mean aeroaynamfc 
chord. A l l  the  nacelles were symmetrically mounted on the wing. 

Model 

A 

B 

C 

D 

E (ref. 2) 

F (ref. 2) 

G (ref. 1) 

semispan 
LaCEtion, 
percent  b/2 

19 

20 

94 

18 asd 96 

18 

96 
” 

7- 

” 

Chordwise 

percent 
M.A.C. 

location, 
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A model  of  the  single-engine  nacelle,  which was a  0.875-scde  model 
of  that  used on the  basic  configuration, w a 8  also tested. This isohted 
nacelle was stabilized by three  wedge-type fins swept  back 45' along  the 
leading  edge and having a thickness of 3 percent  chord. 

TESTS AmD MEAsoRFmNTs 

The  rocket-propelled zero-Uft models  were  tested  at the Langley 
Pilotless  Aircraft  Research  Station  at  Wallops Island, Va. Each model 
was propelled by a two-stage  rocket  system (as described  in  ref. I) and 
launched f r o m  a rail  Launcher.  Velocity and trajectory data were 
obtained  from  the CW Doppler  velocimeter and the NACA modlfied SCR584 
tracking radar unit,  respectively. A survey  of  atmospheric  conditions 
for  each  test was made through  radiosonde  measurements  from an 
ascending  balloon. 

The flight tests  covered a continuous  range of Mach  nuniber M 
varying  from 0.8 to 1.3. The  corresponding  range  of  Reynolds  number R 
was from 4 X 106 to 7 X 10 6 based on wing mean aemaynamic chord as shown 
in figure 5.  

The  values of total  drag  coefficient CD, based on total Xing plan- 
form  ares,  were  calculated  as i n  reference 1. The values of nacelle- 
plus-interference drag coefficient Ca (based on the total  frontal 
area of each  nscelle  tested)  were  obtained from the d€f ference in drag 
coefficients of models  xith  nacelles d a model  without  nacelles. 

The  isolated  single-engine  nacelle was tested  by a flight-test 
technique  suitable for  small  models. €$y this techniwe, the  model was 
propelled to supersonic  speeds  by a compressed helium gun a.nd then 
tracked with the same instmntation used  for  the  rocket-propelled 
models. The isolated nacelh test  covered a Mach  nuniber  range f r o m  
0.8 to 1.3 and a Reynolds  number  range  (based on the wing mean em- 
dynamic  chord of the  basic  wing-body  configuration)  from 4 X 10 8 to 
6.5 x m6. 

The  magnitude of the  error in drag coefficient was established 
from  the  test  results of three identical models  without  nacelles in 
reference 1 and w a s  based on the maximum devLation  found  between  curves 
faired through the  experimental  points.  At hkch numbers  greater  than 
1.02, the  repeatability of the  measurements  of  total drag coefficient, 
nacelle-plus-interference  drag  coefficient, and bhch  number  are  believed 
to be  within the followLng limfts: 

. 
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CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  da.oO04 
cqq . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.03 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N.005 

- The  measurement of the drag coefficients and Mach  number at high 
subsonic speeds and near Mach number 1.0 are less  accurate  than  in  the 

t foregoing  table and are  believed to be  within  the fo l la r ing  limits: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.001 
% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.1 
M . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . i 0 . 0 0 5  

Faired curves shovLng  the  variations of total drag coefficient with 
hkch  number  for  the models  tested  herein and for txo models, one with 
single-engine nacelles Located inboard on the wing and one  Hith  single- 
engine  nacelles  at  the wing tips, from reference 2 are  presented in 
figure 6(a). The curve f o r  the conftguration  without  nacelles  (model G) 
was obtained from reference 1. A comparison of the  vsriations of 
with M in figure 6(a) shows tbat increasing the  nacelle  size  or  the 
number of nacelles on the ulng panel resulted in an increase Fn the 
total drag coefficient  throughout  the Mach nuniber  range. It is evident 
in figure 6(a)  that,  for the b g e  or  -tiengine  nacelle arrangements, 
the  lowest drag increment is obtain& f r o m  the large t i p  nacelle (-1 C) - near  lkch  number 1.0 and from  the  combination of slngle-engine nacelles 
(model D) at  the inboard and --tip  posftfons at Mach numbers  greater 
than 1.05. - 

~n recent  investigptions  (refs. 7 to IO), a transonic  drag-rise 
rule has been used to  compare the drag rise  of  several Xing-body con- 
figurations and to  redesign  the configuratbm to  eUlninate  or greatly 
reduce  the drag rise near Mach  number 1.0. The successful application 
of  the  drag-rise m l e ,  whfch simply states  that the zero-lift drag rise 
for thin,  low-aspect-ratio  KLng-body  combinations near the  speed of 
sound is.primar1l.y dependent on the axial distribution of the cross- 
sectional.areas of the  configuration normal to the e x i s  of eymmetry, 
has generated  interest in its  appllcatinn  to  aircraft having high- 
aspect-ratio VLngS with  external  stores or nacelles. In this  paper, 
therefore,  the dal distribution  of  cross-sectlonal areas for the con- 
figurations  tested and for twr, mode l s  from reference 2 are  presented 
in figure 3 for comparison with  the drag rises of the  corresponding 
models sbwn i n  figure 6(a). It should be noted,  however, that the 
configurations  tested do not entirely  meet  the  requirements  of the drag- 
rise  rule in that the wing is  not t m  and the aspect  ratio is high,  but 
partial  fulfillment of the  rule m y  be  reallzed. 

” 

- 
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In orde r  to  compare  the  area diagmms (fig. 3) uith  the drag rises 
of the  models,  the  cross-sectional mea d h g r a m s  &re  assumed t o  represent 
bodies of revolution  transformed fromthe various wing-body-nacelle  com- 
binations  tested.  Between  Mach  numbers  of 0.8 and 1.0 in figure 6(a), 
it is evident  that  the  models  having the smallest drag rise are  also the 
models  that have the  least  rapid  rate of development of cross-sectional 
areas and the  smallest  maximum  cross-sectional  areas  as  is shown in 
figure 3. A clear  exrtmple  of  this  observation may be  found  by  comparing 
the  area dlagrams of  model^ B and C, Kith  the large nacelles mounted 
inboard and at  the  wing.tips,  respectively. moving the  large  inboard 
nacelles  (model B) to  the wing tips (model C), to reduce  the maxbnum 
cross-sectional area and the  rate of development of the  cross-sectional 
area,  resulted in a large reduction in drag rise near Mach nuniber 1.0. 
This ~ a m e  effect also is shown in  figures 3 and 6(a) for mode l s  E and F 
with  the  single-engine  nacelles  at  the  inboard and wfng-tip  poeitions. 
In regard  to  the  inboard  positione of the  twin-engine  nacelle  (model A )  
and  the  Large nacelh (model B), both  configurations have about the same 
maximum cross-sectional area, but  model A has a more rapid ra te  of 
development of its cross-sectional  area and, hence, a greater drag rise 
than model B. Although these  models do not conform entirely  to  the 
requirements of the  transonic  drag-rise  rule,  it  is  apparent  from  these 
tests  that  the  results  are in general  agreement with the concepts of 
the  drag-rise  rule. 

The drag-rise  Mach nuniber of the  basic  configuration was reduced 
from 0.96 to  approdmately 0 .%I when the large  nacelle was mounted  at 
the wing tip  (model C) or located  inboard on the wing (model B) and 
when the  combination of single-engfne  nacelles  (model D) at the wing 
tip and inboard  positfons  were  used.  The model with  the “ e n g i n e  
nacelles  (model A )  reduced  the  drag-rise M ~ c h  nuniber from 0.96 to about 
0.88. - 

In order  to  compare  the  interference  effects  due to the  nacelles 
and their  locstions,  the  variations of nacelle-plus-interference drag 
coefficient % (based on the total frontal  area of each  nacelle) 
with  Mach  number  for  the  models  tested and for the  two models from 
reference 2 are  presented in figure 6(b) and are  compared  with  the 
experimental drag coeffhient of tbe  single-engine  isolated  nacelle. 
In making a comparison  of the nacelle-plus-interference drag coeffi- 
cients in figure  6(b),  it  should  be  realized  that  there may be a signif- 
icant  shift  in the level of so& of the  curves  in  figure 6(b) due to 
the  relatively large error for @ with  respect  to the magnitude of 
C a  over the Mach nuniber range.  However,  values of (2% less than 
the  isolated  nacelle drag coefficients in figure  6(b)  generally  indicate 
the  presence of favorable  interference  effects. 

I 
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The  drag of the isolated single-engine  nacelle m e  obtained by sub- 
tracting  the drag of the  three stabilizing fine from the  experimental 
drag of the  single-engine  nacelle  with  the fins. The  large  nacelle, 

but a slightly smller fineness ratio, is believed to have  about  the 
same drag coefficient as the  single-engine  nacelle  aver  the  flight range. 
of  the axisymmetrical nacelles due to the two-dimensionsl wave drag over 
its flat  upper and lower  surfaces  at  transonic and supersonic  Mach 
numbers. 

L which had the same nose and afterbody  shape as the  single-engine  nacelle, 

. The  drag  coefficient of the  twin-engine  nacelle m y  be greater  than  that 

From a comparison of the  variation^ of  Cm vlth M in figure 6(b), 
it appears  that  favorable  Interference  effects  were  obtained  from all 
the  nacelles  between  Mach numbem of 0.80 and 0.91, and, from the models 
with  the single-engine nacelles (mdels D, E, and 5') and uith  the  Large 
tip  nacelles (model C )  at bkch numbers  above 1.0. The large  unfavorable 
interference  effects obtained at  the inboard nacelle  positions for the 
U g e  nacelle (model B) and the  tKLn-engLne  nacelle (model A} appear to 
result  from EL m u t u a l  interference  effect between the  nacelles and the 
fuselage.  At the --tip position f o r  the large nacelle (model C), 
where  the  nacelle ie relstively far f r o m  the fuselage, less unfrrvorable 
interference  effects were obtained near Mach  number 1.0 than at the 
inboard  position of the  large  nacelles. This reduction of UnfEVOrable 
interference m y  be due to  less  unfavorable  nscelle-fuselage  interfer- 
ence  at  the wing t ips  than  at  the  inboard positions and/or a favorable 
end-plate  effect from the  wfng-tip  nacelles. A simik effect  of  nacelle 
position on Interference drag is  shown also i~ figure 6(b)  for  the 
single-engine  nacelles  tested  separately  at  the inboard and wing-tip 
positions. When the size of the  eingle-engine  nacelle was increased 
to  that of the  large  or twin-engine nacelle,  there was a large  increase 
in Interference drag, especially near Mach  number 1.0, at corresponding 
nacelle  positions. When the single-engine nacelles were  combfned  at 
the  inboard and xing-tfp positions, no unfavorable  interference  effects 
were  indicated over most of the Mach  number  range.  It  is  evident  from 
the  foregoing  comparisons  that  for an aircrapt, ~Lndlar to the  basic 
configuration tested  herein, requiring the  thrust  equivalency  of four  
(persent-dsy)  turbojet  engines, use of tw0 single-engine nacelles 
collibined at  the inboard and --tip  positions on the wing panel or 
large  single-engine  nacelles st the wing tips would be mst desirable 
from consideration of the  drag. 

L The  effect an zero-lift; drag of w r y i n g  the  size and number  of 
symmetrically  mounted  nacelles on a 45O sweptback ving and body com- 
bination has been dete-d through  flight  tests  of  rocket-propelled 

.I 



models  between  Mach  numbers of 0.8  and 1.3.  The configurations  tested 
had the following nacelle  arrangements on each King panel: a twin- 
engine  nacelle near the  fuselage; a combination of single-engine  nacelles, 
Located at the wing tip and near  the  fuselage; 8 large  nacelle  at the 9 

wing tip; and a large  nacelle near the  fuselage.  The following effects 
were  noted: 

1. The drag rises of the  models  were found to be i n  general  agree- 
ment.wlth the  concepts  of.the  transonic  drag-rise  rule. 

2. For an aircr8f’t  similar  to  the  basic  configuration  used  herein, 
requiring  the  thrust  equivalency of four (present-day)  turbojet  engines, 
use of two  single-englne  nacelles  combined  at  the  inboard and wing-tip 
positions on the wing panel  or  single-large-engine  nacelles  at  the wing 
tips  would  be met desirable  from a consideration of drag. 

3 .  Increasing  the  size of the single-engine  nacelles to that of 
the  large  nacelle  or  twin-engine  nacelle  resulted i n  an increase in 
nacelle-plus-interference drag coefffcient,  especially new Mach 
number 1.0. 

4. The  drag-rise  Msch  aumber of the basic  configuration was reduced 
from 0.96 to  about 0.9 by adding the  large  or  single-engine  nacelles to 
the wing and to about 0.88 by mounting  the  twfn-engine  nacelle near the 
mselage. 

Langley Aeronautical  Laboratory 
National  Advisory  Committee  for  Aeronautics 

Langley  Field, Va. 
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Station, 
percent 

C h o r d  
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4.266 
4.420 
4 9 495 
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4.173 
3.881 
3 519 
3.099 
2.630 
2.125 
1 .a1 
1.074 

-547 
,020 

L .E. radius = 0 316 percent chord 

. 



L 

Station, in. 

Rose radius = 0 .O5 in. 



Etation measured from nacelle nos4 

Station, 
in. 

0 .ooo 
-1% 
495 

1.243 
1 995 
2 745 
3 *495 
4 a437 
5 378 
6.789 
0.202 
10 .o@ 
12.908 
21.133 
22 -969 
24.258 
25.821 
27 375 
28 945 
30 -507 
32 -0 P 
32 .262 

Ordinate, 
in. 

0 .ooo 
* w  

254 
-504 
734 
933 

1 .E1 
1.314 
1.461 
1.616 
1.728 
1.829 
1.883 
1.883 
1.856 
1.793 
I. 691 
1.544 

1.152 
9924 
0897 

1.362 

Mose radius = 0.075 in. 



I I 

yodel Charaaterlatlasr 

Wlng aspeat ratio.................. 0.0 
Body fineness ratlo................lU.O 

Wing taper rat io . . . . . . . . . . . . . . . . . . .  0.6 
Fme-stream ai'rfoll section...I/ACA65AOOB 
Total win plan-form area,aq ft.....3.878 
Expoaed w k  plan-form area, aq  rt.. .3.333 
Body frontmy area,rq it.. .......... . 0 . ~ 4 2  
Total frontal. area,sq f t . . . . . . . . . . . . O . % U  
&posed fin plan-rom area 

o t  two fins,aq rt.............O.488 

Hna a~ f la t  platen and O.w?l-lnch 
thlok  with 0.046-inch radlua a t  edger. 

Figure 1.- General arrangemiat and dimensions of test model. 
All dinensions are in inches. 

1 

ul r 



16 NACA RM ~ 5 3 ~ 2 5  
- 

Cylindrical CI 111 afterbody 

- -3% 
(a) sinfils engine nacelle 

Nacelle f r o n t a l  area = 0.078 a q .  It. 

(c) Large nacelle 



u.4c 0.4c 

(b) Large nacelle near fuselage 
(model B). 

Figure 3.- Details of nacelle location6 and cross-sectional. area 
distributions of models. Au. dimnsiona are in inchee. 

... .. 



.. 

Bo c 
C - 4 0 -  

L, In. 5.37 

(c) krge nacelle ne= wing 
t i p  (milel c ) .  

11.45 
8.47 

6.97 27.70 

” 
5.21 L 

(a) single engine nacelles near fisc- 
lage and at xlng t i p  (model D). 

Figure 3.- Continued. 



20 NACA RM L53E25 

(a) Model A. (b) Model B. 

(c) Model c. (d) Mcdel D. 

Figure 4.- Photographs showing test models. L-79264 



0.40 

+ 
/ 5.21 

-f ""L2 

60 1 
40 - 

0 40 

L, in. 

(e) Single engbe nacelle near 
fuselage (ref. 2 ) .  

Figure 3 .- Concluded. 



W A  RM L53E25 21 

R 

M 
1.1 1.2 13 

Figure 5 .- V a r i a t i o n  of Reynolds mmiber with Mach nuniber for models tested.  
Reynolds number based on wiug mean aerOaynamic chard. 



22 - NACA RM L53E25 

(a) Vtxriations of t o t a l  drag coefficients with Mach number. 

6 

A 

CON .2 

0 

-.2 

-.4 
.8 .9 1.1 

M 
1.2 

(b) Variations of nacelle-plus-interference drag coefficients 
w i t h  Mach nuniber. 

Figure 6.- Variations of t o t a l  drag coefficients and nacelle-plus- 
interference drag coefficients with Mach number for models tested; 
Data for models E and F f r a n  reference 2 and for model G from 
reference 1. 

N A C A - L u g l q  - 6 4 a - U  - 4W 



SECURITY I N F O R M A T I O N  


